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BIODEGRADABLE MOLDABLE PRODUCTS AND FILMS 
COMPRISING BLENDS OF STARCH ESTERS AND POLYESTERS 

TECHNICAL FIELD 

5 

This invention relates to the preparation 
of biodegradable thermoplastic films and moldable 
compositions containing a hydrophobic modified 
starch. More specifically, the present invention 
10 relates to a process of making blends of 

biodegradable starch esters with biodegradable 
polyesters to give products having improved 
processability, increased water resistance, and an 
extended range of mechanical properties. 

15 

BACKGROUND OF THE INVENTION 

Traditionally, plastics have been 
formulated to result in strong, light-weight, 

20 durable, and bioresistant polymeric materials. It 
is the durability and indestructibility that makes 
plastic the material of choice for many 
applications. However, these same properties are 
problems when the plastics enter the waste stream. 

25 The recent trend is to create biodegradable 



WO 95/04108 



PCT/US94/08308 



plastics, most of such plastics being first 
commercialized in the mid 1980 's. 1 

Among the first •biodegradable' plastics 
made were blends of non-biodegradable polyolefins 
5 with starch which were at best only partially 

biodegradable. 2 " 4 These plastics are not compatible 
with waste management infrastructures, such as 
composting. Moreover , at that time, the appropriate 
infrastructures capable of dealing with 
10 biodegradables did not exist. Instead of 

composting, these products generally ended up in 
sanitary landfills. 

Landfills, in general, are a poor choice 
as a repository of plastic and organic waste. 
15 Landfills are plastic-lined tombs designed to retard 
biodegradation by providing little or no moisture 
with negligible microbial activity. Organic waste, 
such as lawn and yard waste, paper, and food waste 
should not be entombed in such landfills to be 
20 preserved for posterity. Accordingly, there is a 
growing trend to divert these materials into 
composting facilities which allow them to be 
biodegraded to produce humus or compost. This 
compost can then be used as a valuable soil additive 
25 for new plant growth. 
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When plastics are designed to be 
biodegradable, utilizing renewable resources as the 
major raw material component, the plastics can 
become part of an ecologically sound mechanism. 
5 Biodegradation of natural materials 

produces valuable compost as the major product, in 
addition to water and carbon dioxide. Such carbon 
dioxide is fixed or neutral and therefore does not 
contribute to an increase in the greenhouse gases. 
10 The co-pending patent application, 5 

describes a method of preparing biodegradable 
moldable products and films which includes the steps 
of preparing a biodegradable, hydrophobic, modified 
starch, and forming a thermoplastic product, 
15 comprising the modified starch, and optionally a 
miscible and biodegradable plasticizer, and/or a 
compatible filler. A key aspect of the co-pending 
patent application 5 is that the modified starch 
polymers described therein are fully biodegradable, 
20 as opposed to blends of biodegradable starch 

compositions with conventional petroleum-based 
plastics described earlier. Such blend compositions 
are at best biodisintregable and not fully 
biodegradable. 2 " 4 In composting, the non- 
25 biodegradable components will be persistent 



resulting in an irreversible build-up of these 
components in the environment causing reduced 
productivity and fertility of the soil. 6 Even if 
such •biodegradable 1 blend compositions, described 
in the prior art, are partially biodegradable, the 
resulting compost will have very little value. In 
fact, these recalcitrant components will be present 
in the final compost at significantly higher 
concentration levels than in the original waste 
mixture . 6 

Rowell, Schultz and Narayan published an 
overview on the emerging technologies from materials 
and chemicals from biomass. 7 In the first chapter 
of that book Narayan discusses the need for 
environmentally compatible polymers based on 
renewable resources. In that book is included a 
discussion of tailor-made cellulose-polystyrene 
graft polymers which were used as 
compatibilizers/interfacial agents to prepare 
cellulosic-polystyrene alloys and wood-plastic 
alloys (Chapter 5, pp. 57-75). The graft copolymers 
function as emulsifying agents and provide for a 
stabilized, fine dispersion of the polystyrene phase 
in the continuous phase of the cellulosic matrix. 
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United States Patent No. 4,891,404 to 
Narayan et al. 8 discusses a specific nucleophilic 
displacement reaction used to prepare such graft 
polymers which are disclosed to be biodegradable 
5 thermoplastic copolymers exhibiting a high capacity 
for stabilized biodegradable blends of 
polysaccharide and synthetic thermoplastic polymers. 
The patent discusses the problems relating to the 
making of cellulose/ starch natural biopolymers and 
10 the problem of controlling the molecular weights and 
degree of substitution of such polymers. Earlier 
papers by Narayan and Stacy et al. 9 " 11 further 
discuss biodegradable natural/ synthetic graft 
copolymers. 

15 United States Patent 5,095,054 to Lay et 

al., 12 issued March 10, 1992, discloses the use of 
water as a plasticizer for starch (referred to as 
starch "destructurization") in order to make the 
material processable in for example an extruder. 

20 Products derived therefrom, tend to have the problem 
of rapidly losing water to the environment by 
evaporation. As a result this type of material 
tends to become brittle with age. These materials 
are also highly water sensitive which is undesirable 
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for the majority of applications of thermoplastic 
products . 

To address this issue of water 
sensitivity, the patent also includes various blends 
5 of destructurized starch with a variety of synthetic 
petroleum-based plastics. Such blend compositions, 
along with earlier starch-filled polyolefins, are at 
best only biodisintregable and not fully 
biodegradable. 2 " 4 Similar starch-polyolef in 
10 compositions have been reported by the Fertec 
group . 13 

United States Patent 4 , 873 ,270 to Aime et 
a!., 14 issued Oct. 10, 1989, describes blends of 
polyurethane with for example poly (vinyl chloride) 

15 and a carbohydrate such as potato flour. United 
States Patents 3,850,862 and 3,850,863 to 
Clendinning et al., 15 ' 16 issued Nov. 26, 1974, 
disclose blends of a naturally biodegradable 
product, such as tree bark, protein, starch, peat 

20 moss, saw dust, etc., with a dialkanoyl polymer, 15 
such as poly(alkylene adipate) , or with an 
oxyalkanoyl polymer, 16 such as poly (caprolactone) . 

The United States Patent 4,863,655 to 
Lacourse et al., 17 issued September 5, 1989, 

25 discloses water-soluble high amylose starch based 



compositions containing poly (vinyl alcohol). This 
biodegradable modified starch product intended for 
loose fill, or "peanut-shel^'-type foam packaging 
applications, for example, contains a 
hydroxypropoxylated starch having a very low degree 
of substitution. This type of modified starch is 
highly hydrophilic and water soluble; the starch 
contains about 5% by weight propylene oxide 
corresponding to a theoretical degree of 
substitution of 0.19. This is a very low degree of 
substitution compared with the maximum degree of 
substitution for starch which is 3.0 according to 
the three available hydroxy 1 groups on the 
anhydroglucose repeat unit. The poly (vinyl alcohol) 
typically used as a blend component further adds to 
the water-sensitive nature of these materials. In 
the case of peanut-shell packaging, the water 
solubility of such starch-based foams is in fact a 
positive attribute as this allows the material to be 
disposed of in an environmentally friendly fashion 
by simply washing them with water down the drain; 
the material subsequently biodegrades in the sewer 
system. For other applications, however, which 
utilize moldable compositions for various packaging 
applications, fast food cutlery, plates, cups, etc., 



the need for moisture resistance is of ultimate 
importance. 

The prior art on biodegradable materials 
and blends is restricted to starch-based materials 
in which the starch component is hydrophilic (water 
sensitive) - No prior art exists on blends 
containing hydrophobic, thermoplastic modified 
starches as fully biodegradable products which are 
readily processable on conventional plastics 
processing equipment such as extruders, injection 
molders, etc. 

There are a number of patents and 
publications in the literature relating to 
modification of starch by ester if icat ion and 
ether if icat ion reactions. Most commercial modified 
starch products have low degree of substitution (DS) 
levels designed to alter their solution properties 
for food applications or adhesion to paper. 
Acetylated starches, for example, have been known 
for more than 100 years. Starch acetates ranging 
from about 0.3 to about 1 DS are typified by water 
solubility. 18 Starch esters which are commercially 
available for consumption, used for example in salad 
dressings, have a degree of substitution which 
typically is lower than 0.1 DS. For example, starch 
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succinate derivatives are cleared for food use by 
the U.S. Food and Drug Administration (FDA) up to a 
4% treatment level , which is equivalent to 0.07 DS. 19 
Highly acetylated starches, historically, were of 
5 some interest because of their organic solvent 

solubility and their thermoplasticity for film and 
fiber applications analogous to thermoplastic 
cellulose esters. In spite of this early 
development, high DS starch esters have not been 
10 developed commercially because they could not 

compete with similar cellulose derivatives in terms 
of strength and cost. 18 Of primary focus were 
starch triesters, which fell short in strength and 
impact properties. 20 ' 21 Such hlgh-DS starch esters 
15 are characterized by their crystalline properties 

exhibiting clear melt transitions. 22 These high-DS 
starch esters are not biodegradable. Rivard et di- 
shorned that under anaerobic conditions starch esters 
(as well as other esters of polysaccharide, 
20 including cellulose esters) above substitution 

levels of about DS=1.7 were not biodegradable. 23 We 
have obtained similar results in our laboratory 
under composting conditions. 

In the co-pending patent application, 5 
25 applicants have designed starch esters with the 
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appropriate degree of substitution , prepared by a 
unique homogeneous base-catalyzed system under 
anhydrous conditions, that allows us to obtain 
starch ester compositions having good mechanical 
properties while maintaining complete 
biodegradability. This requires such starch ester 
compositions to have an intermediate degree of 
substitution, preferably ranging from 0.4 to 2.5 DS, 
more preferably from 1.0 to 2.0, and most preferably 
from 1.2 to 1.7 DS. The latter range of 
compositions have the most preferred balance in 
mechanical properties, water resistance, 
processability and the rate of biodegradation. The 
starch esters prepared by the co -pending patent 
application, 5 are predominantly amorphous polymers; 
little or no residual native starch crystallinity 
remains due to the homogeneous modification process 
employed. Without being restrictive, the absence of 
a new crystalline structure for the starch esters 
produced by this process probably relates to the 
range of intermediate degrees of substitution to 
give non-crystalline copolymers. High DS starch 
tariesters approach the structure of a homopolymer 
having the needed macromolecular chain regularity 
required for crystallization. In the starch esters 
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of the co-pending patent application, 5 on the other 

hand, the placement of ester groups on the 

anhydroglucose repeat units probably follows a close 

to statistically random distribution pattern 
5 resulting in irregular macromolecular chains/ giving 

rise to novel amorphous thermoplastics with unique 

properties . 

The concept of blending polymers is not a 

new one, and a number of combinations of useful 
10 blends are known. In fact, polymer blends have 

become an important subject of scientific 

investigation in recent years because of their 

growing commercial importance. 24 An example of a 

miscible blend system includes the 
15 polystyrene /poly (phenylene oxide) blends marketed by 

1 

General Electric under the trade name NORYL which \ 

have enhanced dimensional stability compared with 

polystyrene (PS) , while rendering the poly (phenylene 

oxide) (PPO) component more readily processable. 25 
20 Miscibility of the two polymers results in a single 

glass transition temperature, Tg, for the blend 

which is composition dependent, as per the Fox-Flory 

theory (Tg for PS - 100°C; Tg for PPO - 210°C) . 

In spite of considerable work done on 
25 synthetic polymer-polymer blends, lignocellulosic 
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and other natural polymer-based systems like starch 
and starch derivatives have seen little use for 
preparing polymer blend and alloy systems. 9 The 
inventors have reported several blends and alloys 

5 containing natural polymers for materials 

applications. Narayan et al. have reported on 
blends and alloys containing lignocellulosics, 11 
starch, 8 " 10 and cellulose acetate, 7 ' 11 Bloembergen et 
al. have reported on blends of naturally occurring 

10 PHB/V. 26 ~ 31 The terms blends and alloys are often 
used interchangeably possibly because of the 
convenience of semantics equating the two concepts. 
While the term "blend" is a general term for a 
mixture of two or more polymers, the term "alloy" is 

15 generally used to describe a specific type of blend, 
namely a "compatibilized blend" that offers a unique 
combination or enhancement of properties. 7 

In the field of biodegradable materials, 
the two most critical issues in developing strong 

20 and useful blends are: 1) miscibility or 

compatibility of the polymer blend components, and 
2) complete biodegradability (mineralization) of the 
components. For example, bacterial poly(P~ 
hydroxybutyrate) (PHB) is notable for its properties 

25 as a fully biodegradable yet highly crystalline 
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thermoplastic, 32 ' 33 biosynthesized by a variety of 
bacteria as an intracellular storage material. In 
the context of usable thermoplastics, the high 
melting temperature 33 and brittleness 34 limits its 

5 use. 35 An attractive solution to the limitations of 
PHB homopolymer is through blending with a second 
polymer. PHB has been shown to be miscible with 
poly (ethylene oxide), 36 poly (vinyl acetate), 37 
poly(vinylidine fluoride), 38 and poly (vinyl 

10 chloride). 39 • US patent 4,393,167 to ICI discloses 
polymer blends of PHB and PHB/V with chlorinated 
polyethylene, poly (vinyl chloride) , and 
polyacrylonitrile. 40 All of these petroleum-based 
plastics introduced as blend components are not 

15 biodegradable, and hence such blend compositions are 
again at best biodisintregable and not fully 
biodegradable. 

Blends of PHB/V with cellulose esters have 
been reported, however, both environmental and 

20 enzymatic assays on the blend films showed a strong 
inhibiting effect of the cellulose esters on PHB/V 
degradation. 41 As mentioned previously, this is to 
be expected for such high DS polysaccharides. 23 
TONE Polymers are poly (e-capro lactone) 

25 (PCL) resins marketed by Union Carbide. Several US 
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patents disclose their varying degree of 
compatibility in blends with polyolefins, including 
polyethylene, polypropylene, polystyrene, 
polycarbonate and poly (ethylene terephthalate) . 42-44 
5 PCL is one of the few synthetic petroleum-based 

polymers known to be fully biodegradable, 45 " 49 While 
PCL is a biodegradable polymer, blends of PCL with 
such conventional non-biodegradable plastics are at 
best biodisintregable and not fully biodegradable. 

10 Examples of biodegradable blends which 

meet both requirements of miscibility/compatibility 
and biodegradability includes blends of the 
naturally occurring bacterial PHB with synthetic PHB 
analogs. 26 " 31 Since synthetic PHB of moderate 

15 tacticity is biodegradable, 50 ' 51 the blend should 

also retain this property. 31 Another biodegradable 
blend which has been reported is a blend of PHB/V 
with PCL. 52 

The present invention describes a method 

20 of preparing a blend system which is compatibilized 
and contains fully biodegradable components for 
making moldable products and films. The 
compatibilized blend system has been designed and 
engineered by blending biodegradable, hydrophobic, 

25 starch esters with biodegradable polyesters. 
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Examples of biodegradable polyesters include 
poly (caprolactone) (PCL) , poly (vinylacetate-co- 
vinylalcohol) (PVAc/VA) , poly (lactic acid) or 
polylactide (PLA) , poly(glycolic acid) or 
5 polyglycolide (PGA) , and related copolyesters 

including the various combinations of stereoisomers, 
bacterial and synthetic poly (p-hydroxybutyrate) 
(PHB) , poly ( p-hydroxybutyrate-co-p-hydroxyvalerate) 
(PHB/V) , and other poly (P -hydroxy a lkanoates) (PHA) , 

10 and aliphatic biodegradable polyesters. 

It is desirable to achieve good 
processability and mechanical properties with the 
above-mentioned blends. However, there remains a 
need for such processable products which are also 

15 biodegradable. There is a need for developing new 
starch-based materials which utilize agricultural 
resources and return those resources to nature in an 
environmentally sound manner. The present invention 
provides new polymeric materials which are 

20 environmentally compatible. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, 
25 there is provided a biodegradable moldable product 
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or film product prepared from a compatible blend 
containing a biodegradable, hydrophobic, starch 
ester and a biodegradable polyester. 

The present invention provides a method 
5 for obtaining miscible blends, containing a high 
molecular weight, thermoplastic modif ied-starch 
product with controlled degree of substitution, and 
a biodegradable polyester, and optionally a 
biodegradable and miscible plasticizer, and/or a 

10 compatible filler. The plasticizer is selected from 
the group including a variety of biodegradable 
esters miscible with the starch ester and polyester. 
Compounding with compatible additives, preferably 
talc and similar inorganic structural fillers, 

15 provides added compositions of matter with unusually 
increased strength and modulus. These products are 
readily processable, water resistant, and have good 
mechanical properties. Most importantly, the 
polymers are fully biodegradable and after their 

20 end-use can be composted to produce valuable soil 
amendment. 
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BRIEF DESCRIPTION OF THE FIGURES 

Other advantages of the present invention 
will be readily appreciated as the same becomes 
5 better understood by reference to the following 
detailed description when considered in connection 
with the accompanying drawings wherein: 

Figure 1 is a bar graph showing water 
absorption determined by Cobb Test Method for 
10 Polyethylene, PHB/V, with modified starch and a 
modified starch-PHB/V blend, bar 1 being 
polyethylene, bar 2 being PHB/V from example 4-4, 
bar 3 being modified starch from example 4-1, and 
bar 4 being a 50/50 modified starch -PHB/V Blend 
15 from example 4-3; 

Figure 2 is a graph of DSC of films 
prepared from blends of acetate/propionate-modif ied 
starch and poly (p-hydroxybutyrate-co-20%-p- 
hydroxyvalerate: 100-0 from example 4-1, 80-20 from 
20 example 4-2, 50-50 from example 4-3 and 0-100 from 
example 4-4; 

Figure 3 is a graph showing DSC thermal 
analysis of an extruded blend of propionate-modif ied 
starch, poly (€-caprolactone) and triacetin; and 
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Figure 4 is a graph showing the 
composition of relative water absorption of 
unmodified starch, starch ester, and starch ester 
blend compositions; tensile bar samples were 
5 elquilibrated at 50% RH for 5 days and stored at 93% 
RH, • Master #11, o Master #8, □ Master #12, x 
Master #7, + PHV/V -12%HV and a PCL. 

DETAILED DESCRIPTION OF THE INVENTION 

10 

» 

The present invention provides a 
biodegradable product or film product and method of 
making the same wherein, generally, the product is 
prepared from a compatible blend containing a 

15 biodegradable, hydrophobic, starch ester and a 
biodegradable polyester. 

The degree of substitution (DS) of a 
polymer is the (average) number of substituent 
groups attached per base unit (in the case of 

20 condensation polymers) or per monomeric unit (in the 
case of additional polymers) . The term has been 
used mainly in cellulose chemistry where each 
anhydroglucose unit has three reactive (hydroxyl) 
groups* Degree of substitution can then range from 

25 zero (cellulose itself) to three (fully substituted 



cellulose) . The same chemistry applies herein to 
starch wherein each glucose moiety has three 
reactive hydroxyl sites* 

The co-pending patent 5 discloses a method 
of preparing a biodegradable modified starch polymer 
generally by the steps of combining a starch with an 
anhydride, organic acid, acid chloride, ketene, or 
other ester if ication reagents in an anhydrous 
aprotic solvent, optionally in the presence of a 
basic catalyst thereby causing a reaction between 
the starch and anhydride, organic acid, acid 
chloride, ketene or other esterif ication reagents, 
optionally neutralizing the reaction during the 
combining step and then forming a hydrophobic 
biodegradable starch ester product. 

Starch (C 6 H 10 0 5 ) n is a mixture of linear 
(amylose) and branched (amylopectin) polymers. 
Amylose is essentially a linear polymer of a (l->4) 
linked D-glucopyranosyl units. Amylopectin is a 
highly-branched polymer of D-glucopyranosyl units 
containing a(l-*4) linkages, with a (1-^6) linkages at 
the branch points. The modified starch of the 
present invention can be used with various types of 
starches, such as regular corn starch which contains 
about 75% amylopectin (higher molecular weight 
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branched starch polymer) and 25% amylose (lower 
molecular weight linear starch polymer) , as well as 
hybrid corn starch products containing more than 50% 
amylose, sold by National Starch and Chemical 
Company Corporation and American Maize Products 
Company. Various other starches, such as potato 
starch, tapioca starch, rice starch, wheat starch, 
cassava starch, and other starches familiar to those 
skilled in the art can be utilized in accordance 
with the present invention. Compositions having 
increased levels of linear starch polymers are most 
likely to be the correct choice in terms of 
processability f film forming, molding and mechanical 
properties . 

The starch ester compositions of the 
present invention comprise what is considered in the 
art to be a specialty starch, preferably having an 
amylose content greater than 50% and most preferably 
greater than 70%. The degree of substitution 
preferably ranges from 0.4 to 2.5 DS and more 
preferably from 1.0 to 2.0 DS. The most preferred 
composition ranges from 1.2 to 1.7 DS. 

The aforementioned starches can be made 
into a wide range of starch esters using a wide 
variety of anhydrides, organic acids, acid 



chlorides, ketene, or other ester if ication reagents. 
Examples of anhydrides include acetic-, propionic-, 
butyric-, maleic-, succinic-, phthalic- and stearic 
anhydride anhydrides and combinations thereof to 
derive copolymer derivatives. Such starch esters can 
be made in accordance with the co-pending patent 
application. 5 

Other methods exist and can be developed 
for making such starch ester products. However, it 
is highly desirable that these starch esters be 
capable of forming hydrophobic products which are 
water repellant, in contrast to starch raw material 
which is hydrophilic and water soluble. The blends 
of biodegradable starch esters with biodegradable 
polyesters of the present invention provide products 
which are also hydrophobic (water repellant) while 
having good processability, good mechanical 
properties, and being fully biodegradable. 

Examples of biodegradable polyesters 
include poly (caprolactone) (PCL) , poly ( vinylacetate- 
co-vinylalcohol) (PVAc/VA) , poly(lactic acid) or 
polylactide (PLA) , poly (glycolic acid) or 
polyglycolide (PGA) , and related copolyesters 
including the various combinations of stereoisomers, 
bacterial and synthetic poly (-hydroxy butyr ate) 
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(PHB) , poly (P-hydroxybutyrate-co-p-hydroxyvalerate) 
(PHB/V) , and other poly (P -hydroxy a lkanoates) (PHA) , 
and aliphatic biodegradable polyesters. 

A plasticizer can be added to the 
5 composition to achieve greater material 

processability and product flexibility. Molded 
articles and films prepared from the blends of 
starch esters with polyesters can be enhanced by 
mixing with a variety of low molecular-weight ester 

10 plasticizers of the solvent type. An obvious 

requirement of these plasticizers is that they are 
biodegradable. Examples of such plasticizers 
include a variety of esters , such as phthalate 
esters (dimethyl-, diethyl-, dipropyl-, dibutyl-, 

15 dihexyl-, diheptyl-, dioctyl-, etc.), dimethyl- and 
diethylsuccinate and related esters , glycerol 
triacetate (triacetin) , glycerol mono- and 
diacetate, glycerol mono-, di and tripropionate, 
glycerol tributanoate (tributyrin) , glycerol mono- 

20 and dibutanoate, glycerol mono-, di- and 

tristearate, and other related glycerol esters, 
lactic acid esters, citric acid esters, adipic acid 
esters, stearic acid esters, oleic acid esters, 
ricinoleic acid esters, other fatty acid esters, 

25 erucic acid esters, soybean oil, caster oil, and 
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various other biodegradable esters known in the 
chemical arts. Preferably, triacetin is used as a 
suitable plasticizer since it induces high 
flexibility, is virtually odorless, has a relatively 
5 high boiling point (258'C), is biodegradable, and is 
commercially available at a reasonable cost as 
reported in Chemical Marketing Reporter, March 23, 
1992, 

Inorganic and organic fillers can be added 

10 to extend the range of properties of molded 

articles. Such inorganic fillers include talc 
(hydrous magnesium silicate) , titanium dioxide, 
calcium carbonate, clay, sand, chalk, limestone, 
diatomaceous earth, silicates, boron nitride, mica, 

15 glass, quartz, and ceramics, and biodegradable 
organic fillers such as starch, cellulose, wood 
flour and fibers, pecan fibers, and other inorganic 
and organic filler materials well known in the 
chemical arts. 

20 Compounding with compatible additives, 

preferably talc and similar inorganic structural 
fillers, provides added compositions of matter with 
unusually increased strength and modulus. 
By utilizing the blend of the 

25 biodegradable starch esters and the biodegradable 
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polyester described above with a minor amount of a 
solvent-type plasticizer, the overall processing 
temperature can be reduced to well below the 
processing temperature of the pure polyester 
component, as exemplified in the experimental 
section below. This is particularly important for 
manufacturing with high-melting polyesters such as 
PHB and PHB/V, which thermally degrade at higher 
processing temperatures and therefore have a 
narrower processing window. It is expected that 
this improvement is attributed to the compatibility 
achieved by the blending process, resulting in 
changes in the crystalline microstructure of the 
polyester component and/or the morphology of the 
multi-phase material thereby rendering it 
processable at lower processing temperatures. 
Critical to these factors is the compatibility of 
the blended components. 

The products of the present invention 
possess water repellant properties while still 
retaining their biodegradability. The water 
resistance of the starch esters is improved by 
blending with high molecular weight biodegradable 
polyesters, especially with semi-crystalline 
polyesters such as PCL or PHB/V, and similar 
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biodegradable polyesters. This is further achieved 
by engineering the appropriate degree of 
substitution and molecular weight of the starch 
ester component, by blend composition , choice of 
polyester , copolyester composition , and by 
plasticizer composition. 

The present invention can be processed by 
various methods known in the art, such as extrusion 
pelletizing, injection molding, and film forming 
methods known to those skilled in the art* For 
example, the biodegradable starch ester products 
made in accordance with the present invention can be 
injection molded to give a variety of molded 
products, and extrusion cast to give .translucent 
flexible films, as well as transparent films. 

The following experimental examples 
demonstrate the utility of the present invention for 
forming biodegradable products containing a 
biodegradable, hydrophobic, starch ester and a 
biodegradable polyester, and optionally a 
biodegradable and miscible plasticizer, and/ or a 
compatible filler. 

Examples of materials made in accordance 
with the present invention in compost experiments 
confirm biodegradability. 
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EXAMPLES : 

Example l: 

A starch modification reaction was carried out, in 
accordance with the method described in the co- 
5 pending patent application, 5 using as follows; 1502 
g dried Hylon VII high-amylose corn starch obtained 
from National Starch and Chemical Corp. (=9.25 moles 
of anhydroglucose repeat units; water content -2000 
ppm) was dispersed in 10 L of anhydrous DMSO (water 

10 content -250 ppm) under rapid mechanical agitation 
at about 20 to 25°C, in a 10 gallon jacketed vessel. 
The dispersion was dissolved by heating the mixture 
under mechanical agitation in a nitrogen atmosphere 
to 80±5°C, for approximately 10 min. Subsequently 

15 the mixture was cooled to room temperature (-25°C) ; 
90 g of DMAP powder was dissolved at room 
temperature in 2.5 L of anhydrous DMSO and added to 
the vessel. Next, 1558 g sodium bicarbonate powder 
(approx. equimolar level based on anhydride) was 

20 added to the stirred vessel. Starch modification 
was achieved by the addition of 2284 g (2075 mL) 
propionic anhydride (=17.6 moles; DS-theor. = 1.9), 
over the course of 1 hour while maintaining the 
reaction temperature below 30 °C by circulating 

25 cooling water through the jacket of the 10 gallon 
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vessel. The continuous slow addition of anhydride 
over the given time period, as opposed to batch 
addition at the start of the reaction, has the 
advantage of controlling the reaction exotherm, and 
5 minimizing the average ratio of anhydride-generated 
acid to neutralizing agent during the reaction. As 
a result, these reaction conditions minimize 
molecular weight reduction of the starch or modified 
starch in the mixture. The product was recovered 

10 by precipitation in approximately 20 gal. (-75 L) of 
water under vigorous mechanical agitation, and 
filtered off over a pressure filter. A pH=7.3 was 
recorded for the precipitate which was washed 5 
times with about 20 gal. of water (pH of water -9.4) 

15 to give a final pH=8.6 for the fifth wash. The 

product was dried by placing a 1/2 inch thick layer 
of the product crumbs on multiple stainless steel 
trays in a grounded convectional air-driven oven at 
55°C for 48 hours. A yield of 90% was obtained. 

20 The degree of substitution (DS) was determined to be 
DS=1.77, 1.69 and 1.69 by titration for 3 triplicate 
sets of hydrolyzed samples according to a published 
method. 53 A DS=1.4 was calculated based on the 
conversion of anhydride. 



25 
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Example 2: 

The procedure given in example 1 was followed using 
2250 g dried Hylon VII high-amylose corn starch in 
15 L anhydrous DMSO, to which was added 2108 g 
5 sodium bicarbonate, and 122 g DMAP dissolved in 1.75 
L of anhydrous DMSO, 3434 g (3119 mL) of Propionic 
anhydride (DS-theor. = 1.9) was added to the vessel 
over the course of 1 hour. Subsequently, a solution 
of 68.1 g of maleic anhydride (DS-theor. = 0.05) in 

10 2 L anhydrous DMSO was added to the vessel over the 
course of 15 min. A pH=7.5 was recorded for the 
precipitate which was washed 5 times with about 20 
gal. of water (pH of water"9.4) to give a final 
pH=9.4 for the fifth wash. The yield of the starch 

15 ester product was 88%. A DS=1.4 was calculated 
based on the conversion of anhydride. 

Example 3: 

A starch modification reaction was carried out using 
20 as follows: 45.5 g of dried Hylon VII high-amylose 
corn starch (=0.28 moles of anhydroglucose repeat 
units; water content "2000 ppm) was dispersed in 300 
mL of anhydrous DMSO (water content '250 ppm) under 
rapid mechanical agitation at about 20 to 25°C, in a 
25 500 mL four-necked flask. The dispersion was 
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dissolved by heating the mixture under mechanical 
agitation in a nitrogen atmosphere to 80±5°C, for 
approximately 10 min. Subsequently the mixture was 
cooled to room temperature (~25°C) , and 31.7 g of 
5 acetic anhydride (=0.31 moles; DS-theor. = 1.1) and 
41.9 g of propionic anhydride (=0.32 moles; DS- 
theor. = 1.2) was slowly added over the course of 30 
min. to avoid precipitation of starch. Starch 
modification was achieved by the addition of 3.2 g 

10 of DMAP (dissolved in 25 mL of anhydrous DMSO) over 
the course of 30 min. while maintaining the reaction 
temperature below 30°C by cooling with an ice/water 
bath. The product was recovered by precipitation in 
a ten-fold excess of water under vigorous mechanical 

15 agitation; the water /precipitate mixture was ground 
in a blender to improve the work-up. A pH=3.5 was 
recorded for the precipitate which was washed 7 
times with about 1 L of water (pH of water-9.4) to 
give a final pH=8.2 for the seventh wash. The 

20 product was filtered over a Buchner funnel and dried 
by placing the crumbs on a teflon tray in a vacuum 
oven at 55 °C through which a steady flow of dry 
nitrogen was passed for 24 hours. A yield of 91% 
was obtained. A DS=1.8 was calculated based on the 
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conversion, and assuming equal reactivity of the 
anhydrides. 

Example 4: 

5 Blends were prepared containing a modified starch 
copolymer and a p-hydroxybutyrate/p-hydroxyvalerate, 
or PHB/V, copolymer. The PHB/V sample was a high- 
purity medical-grade copolymer containing about 20 
mole% p-hydroxyvalerate, obtained from Imperial 
10 Chemical Industries (ICI) in the U.K. The modified 
starch was prepared in Example 3 given above, using 
a 50/50 ratio of acetic- and propionic anhydrides to 
give a starch copolymer having an overall degree of 
substitution (DS) of about 1.8, in accordance with 
15 the method described in the co-pending patent 

application. 5 Solution blends were prepared in 
45/55 vol.% acetone/methylene chloride according to 
the compositions given in Table 1. 

Films were cast on a glass plate using a 
20 0.010" casting blade, and dried for 10 min. at 60°C. 
Subsequently, the samples were dried for 10 hrs. at 
65 °C in a vacuum oven to remove residual levels of 
acetone solvent. Following the first 10 min. drying 
stage, the solution-cast films readily lifted from 
25 the glass surface, and were highly flexible and 
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transparent at all compositions given in Table 1,, 
except for the pure starch ester (Ex. 4-1) which was 
relatively brittle; these pure starch ester films 
typically require a small amount of ester 
5 plasticizer to give a flexible film. 5 The resulting 
transparency indicates miscibility of the two ester 
polymers, which is a key aspect of the present 
invention. 

Figure 1 illustrates that blending of 
10 modified starch with a polyester such as PHB/V 

reduces the water absorption when the film is placed 
in direct contact with water. Although the water 
absorption of the starch ester film is already 
fairly low at 0.987 x 10~ 3 g/cm 2 (4 hrs) f this was 
15 further reduced to 0.135 x 10~ 3 g/cm 2 (4 hrs.) for 
the blend. After 24 hours the blend had not 
absorbed significantly more water at 0.167 x 10~ 3 
g/cm 2 . Water absorption was determined by using the 
Cobb test (Tappi T441-69 and ASTM D2044-68; 4.0 cm 
20 ring with surface area of 12.56 cm 2 ). 

Example 5: 

Comparison of DSC (Differential Scanning 
Calorimetry) scans, provided evidence for unusual 
25 compatibility between starch ester compositions and 
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biodegradable polyesters or copolyester s . Figure 2 
shows the DSC scans for solution-cast films 
containing acetate/propionate-modif ied starch and 
PHB/V-20%HV, as prepared in Example 4. Their 
5 compositions are given in Table 1. Figure 2 

illustrates that the acetate/propionate-modif ied 
starch (see Ex. 4-1) is a predominantly amorphous 
polymer showing a clear glass transition around 
138 °C, with no observable melting endotherm, as 
10 described for the starch ester compositions in the 
co-pending patent application. 5 For the blend of 
Ex. 4-3 the original glass transition due to the 
starch component around 138 °C is absent (Figure 2). 
The enthalpy of fusion, AHn , is about half the value 
15 of the pure PHB/V component (see Ex. 4-4 in Table 
2), as expected for the 50/50 blend (19/0.5=38, 
compared with 43 J/g for PHB/V-20% HV) . Without 
being restrictive, the absence of a glass transition 
at 138 °C is probably because it has shifted 
20 underneath the melting peak of the PHB/V component. 
This shift in Tg (observed also for several other 
blends of starch ester with PHB/V-12%V or with PCL, 
as described below) suggests that the amorphous 
component of the semi-crystalline PHB/V polyester is 
25 miscible with the amorphous starch ester polymer 
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chain. These results also indicate that the starch 
ester is immiscible with the crystalline PHB/V 
component, and largely excluded from it. In spite 
of this incompatibility with the crystalline 
5 component, a compatibilized blend (polymer alloy) is 
obtained because of the miscibility of the amorphous 
PHB/V component with the starch ester phase. This 
compatibilization confers unique properties to these 
starch ester /polyester blends. 

10 For an 80/20 blend of starch ester and 

PHB/V (see Ex. 4-2 in Table 2) f aF^ , was observed to 
be proportional to the weight fraction of the PHB/V 
component (8.8/0.2=44, compared with 43 J/g for 
PHB/V-20% HV) , as also observed for the 50/50 blend. 

15 However, unlike the 50/50 blend, the original glass 
transition of the modified starch was observed in 
the DSC of the 80/20 blend (see Ex. 4-2 in Figure 
2). Since the starch ester is present in such large 
excess, only a fraction of the amorphous starch 

20 ester can be dissolved into the amorphous component 
of the PHB/V polymer. Therefore, the observed Tg is 
due to the starch ester phase which is not included 
in the amorphous component of the PHB/V polymer. 
This is further supported by the fact that the 

25 magnitude of the glass transition, aH q , was observed 
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to be lower for the 80/20 blend than expected on the 
basis of the weight fraction of the starch ester 
component. It is to be noted that the amorphous 
PHB/V component is an integral part of the semi- 
crystalline PHB/V polymer chains r and thus 
restricted in close proximity to the PHB/V 
crystalline domains. Table 2 summarizes the thermal 
transitions observed for these* 

Table 3 shows similar results for extruded 
blend compositions containing a propionate-modif ied 
starch (prepared according to the method described 
in Example 1), poly (p-hydroxybutyrate-co-12%-p- 
hydroxyvalerate) and 10% and 20% triacetin 
plasticizer. These blends also contained 1% boron 
nitride nucleating agent, commonly used for 
effective crystallization of PHB/V. 54 As observed 
for the solution-cast blends discussed above, the 
glass transition temperature Tg shifts to lower 
temperatures, while the crystallinity of the PHB/V 
component is maintained. These results further 
illustrate that the melting temperature, and 
therefore the processing temperature, are reduced by 
blending the semi-crystalline polyester with starch 
ester and ester plasticizer. The miscibility of 
starch esters with ester plasticizers of the solvent 
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type was described in the co-pending patent 
application. 5 Table 4 illustrates the miscibility 
of PHB/V with such solvent-type ester plasticizers. 
These results indicate that all three components, 
5 i.e. starch ester, polyester, and ester plasticizer, 
are mutually compatible. 

Another example of this starch ester- 
polyester compatibility (see Figure 3 and Table 5) 
is illustrated by the blend of a propionate-modif ied 

10 starch (prepared according to the method described 
in Example 1) with poly (e-caprolactone) (PCL). For 
the blend of Ex. 5-4 a sharp melting peak was 
observed due to the crystalline PCL component, in 
addition to a single Tg at an intermediate 

15 composition between the Tg's of the two polymers 

(Figure 3 /Table 5) . This indicates a high degree of 
compatibility of the amorphous PCL component with 
the amorphous starch ester polymer, in a manner 
similar to the PHB/V blends. 

20 These results serve to illustrate that 

new, mutually compatible, multi-component blend 
compositions with improved processability and 
properties have been realized. 

25 Example 6: 
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The starches esters used in this example were 
prepared by the procedure given in Examples 1 and 2, 
as also described in the co-pending patent 
application. 5 

5 To illustrate the thermoplastic behavior 

of the starch esters and starch ester blends 
prepared by this invention, 12 compositions are 
listed in Table 6 (master batch 1 to 12) . Blends 
were prepared containing polycaprolactone (PCL) or 

10 poly ( p-hydroxybutyrate-co-(i-hydroxyvalerate) (PHB/V) 
as examples of biodegradable polyesters. The sample 
of PCL was TONE polymer P-767 obtained from Union 
Carbide; PHB/V samples were technical -grade 
copolymer containing about 12 mole% p- 

15 hydroxyvalerate and were obtained from Imperial 

Chemical Industries (ICI) in the U.K. These master 
batches were processed in conventional plastics-type 
processing equipment which was used without any 
special modifications. To determine the mechanical 

20 properties, such as tensile strength, initial 

modulus and elongation to break, the master batches 
were extruded using twin-screw extrusion and 
injection molded into tensile test bars. The master 
batches given in Table 6 were prepared by using a 

25 Containerized Batch Mixer equipped with a tumbling 8 
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quart stainless steel mixing chamber, internal 
mixing agitators and liquid injection auxiliary for 
homogeneous dispersion of plasticizers. This solids 
mixer provided homogeneous mixtures of the modified 
5 starch ester powders with the polyesters, 

plasticizer and other additives such as fillers and 
nucleating agents (about 1% boron nitride was added 
for P -hydroxy but yr ate /valerate copolymers 54 ) . A 
twin-screw extruder with 30 cm diameter screws 
10 (L/D=14) and dual orifice die, along with a 

pellet izer, was used to process the powders from 
master batches 1 to 12 at a temperature profile of 
105°C (zone 1: feed), 165°C (zone 2), 165°C (zone 
3), and 155°C (zone 4: Die), to give pelletized (or 
15 granulated) resins. Injection molded tensile test 
bars were prepared and tested according to ASTM 
standard procedure # D638-91 (using Type 1 tensile 
bar specimen) • Three sets of about 10 tensile test 
bars were equilibrated for 48 hours at 10, 50 and 93 
20 ±5% relative humidity conditions, and their 
mechanical properties are given in Table 7 • 

Table 7 gives the mechanical strength 
(Maximum Psi) , stiffness (Young's Modulus) and 
elongation-at-break for test bar samples 
25 equilibrated at low, medium and high relative 
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humidity (RH) , and compares modified starch 
compositions with blends containing biodegradable 
polyesters. The mechanical properties that can be 
attained for the modified starch compositions, also 
5 described in the co-pending invention, are in the 
range of polystyrene (i.e. master batch 3 samples, 
for example) . This exemplifies the feasibility of 
using these biodegradable bio-based plastics for 
various single-use applications such as polystyrene 

10 type disposable cutlery and various packaging 

materials. These starch ester compositions did not 
exhibit drastic changes in appearance with 
increasing relative humidity levels. Relatively 
minor changes were observed in mechanical properties 

15 (Table 7) with increasing relative humidity. Under 
the same conditions, an unmodified starch 
composition (co-pending patent, Table 2, master 
batch 1) became sticky, and exhibited severe 
swelling and cracking and surface deformations. 

20 Table 7 and 8 further illustrate a 

significant enhancement in mechanical strength 
(Maximum Psi) and stiffness (Young f s Modulus) 
achieved by the addition of a filler. Table 8 
compares the mechanical properties at 50 % relative 

25 humidity. Starch ester compositions are compared 



with similar compositions of blends (i.e., with the 
same level of plasticizer and filler) . By comparing 
the mechanical properties for samples prepared from 
master batch 6 vs. 7 and 11 vs. 12, it can be 
deduced that the addition of such polyesters 
virtually maintains the mechanical strength of the 
corresponding starch ester composition, while 
decreasing the modulus and increasing the elongation 
at break. Thus a tougher material results, having 
similar strength but higher flexibility. This is 
further confirmed by comparing 1 vs. 4 and 1 vs. 8. 

Comparison of the mechanical properties 
for samples prepared from master batch 4 vs. 5 and 8 
vs. 9 in Table 8 indicates that the modulus can be 
significantly enhanced by the addition of talc. 
These results further illustrate the increase in 
maximum tensile strength observed for these blends 
achieved by the addition of a filler. The increase 
in modulus resulting from the addition of a filler 
to a polymeric resin is well known to those skilled 
in the art. However, the corresponding increase in 
mechanical strength observed here for the blend 
compositions with addition of talc, or other 
fillers, is a unique embodiment of this invention. 
Without being restrictive, the observed increases in 
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modulus and tensile strength are probably largely 
due to the modified starch component as a result of 
good wetting of the modified starch polymer with the 
filler surface, as described in the co-pending 
5 patent application. 5 This is supported by the 

higher tensile strength determined for talc-filled 
modified starch compositions compared with 
corresponding talc-filled blend compositions , such 
as 3 vs. 5, 3 vs. 9 and 2 vs. 10 in Table B. 

10 

Example 7: 

Whereas the experiment illustrated in Figure 1 
involved the direct contact of liquid water with a 
film, this example presents results of water vapor 

15 absorption at a constant and high relative humidity • 
Tensile bar samples were equilibrated at 50% RH for 
5 days, and stored at 93% RH. The increase in water 
absorbed onto 3 tensile test bars was determined 
gravimetrically, and normalized to the surface area 

20 of the samples. The average values sure reported in 
Figure 4, which illustrates the improved moisture 
resistance of a starch ester composition as compared 
with an unmodified starch composition, as also 
described in the co-pending patent application. 5 

25 Figure 4 further illustrates that by blending with a 
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biodegradable polyester significant additional 
improvements in moisture resistance can be attained. 

Example 8: 

For the preparation of extruded film good mixing of 
modified starch with the biodegradable polyesters 
and plasticizer was found to be essential. Thus, 
252.6 g of proportionated starch powder (prepared by 
the method in Example 1) was thoroughly mixed in a 
blender with 252-4 g PHB/V-12%V, 126.9 g triacetin, 
and 6.3 g boron nitride (40/40/20/1). The mixture 
was extruded using a twin-screw extruder with 30 cm 
diameter screws (L/D=14) and dual orifice die. The 
powder was processed at a temperature profile of 
50°C (zone 1: feed), 157°C (zone 2), 147°C (zone 3), 
and 127°C (zone 4: Die), and pelletized (or 
granulated) to give resin pellets reminiscent of 
conventional commercial plastic pellets. These 
pellets were subsequently extruded on a single-screw 
extruder with 1" diameter screw (L/D=24) , equipped 
with an 8" film die and three-stack chill roller and 
film winder. The temperature profile was 
approximately 93* C (zone l: feed), 121°C (zone 2), 
121°C (zone 3), and 121°C (zone 4: Die); the chill 
rollers were maintained at about 40°C. The 
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resulting film was translucent and flexible having a 
thickness of 1 to 10 mil depending on the chill roll 
speed. Water droplets placed on the thermoplastic 
film beaded up on the surface as a result of the 
5 moisture resistance of the starch ester/polyester 
blend described in the present invention. Similar 
observations of transparency, flexibility and 
moisture resistance were made for solution-cast 
films prepared in Example 4. 

10 

Example 9: 

The procedure in Example 8 was followed. Thus, 
propionated starch powder (prepared by the method in 
Example 1) was thoroughly mixed in a blender with 

15 PCL TONE Polymer P-767, and triacetin in a ratio of 
38 to 53 to 9. The mixture was extruded with a 
twin-screw extruder at a temperature profile of 50°C 
(zone 1: feed), 110°C (zone 2), 110°C (zone 3), and 
105°C (zone 4: Die), and pelletized (or granulated) 

20 to give resin pellets reminiscent of conventional 
commercial plastic pellets. These pellets were 
subsequently extruded on a single-screw extruder at 
a temperature profile of approximately 50°C (zone 1: 
feed), 110°C (zone 2), 110°C (zone 3), and 110°C 

25 (zone 4: Die); the chill rollers were maintained at 
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about 18°C. The resulting film was translucent and 
flexible having a thickness of 1 to 10 mil depending 
on the chill roll speed. Water droplets placed on 
the thermoplastic film beaded up on the surface as a 
5 result of the moisture resistance of modified starch 
and the polyester blend described in the present 
invention. Similar observations of transparency, 
flexibility and moisture resistance were made for 
solution-cast films. 

10 The above examples demonstrate that the 

present invention provides new starch-based 
materials which utilize agricultural resources that 
can be returned to nature in an environmentally 
sound manner. The polymeric materials made in 

15 accordance with the present invention are 

environmentally compatible, this being achieved by 
designing and engineering fully biodegradable 
materials that are thermoplastic, yet breakdown 
under appropriate environmental conditions in a 

20 manner similar to their organic (lignocellulosic) 
counterparts . 

The invention has been described in an 
illustrative manner, and it is to be understood the 
terminology used is intended to be in the nature of 

25 description rather than of limitation. 
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Many modifications and variations of the 
present invention are possible in light of the above 
teachings. Therefore, it is to be understood that 
within the scope of the appended claims, the 
5 invention may be practiced otherwise than as 
specifically described. 
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What is Claimed is: 

1. A biodegradable moldable product or film 
product prepared from a compatible blend containing 

5 a biodegradable, hydrophobic, starch ester and a 
biodegradable polyester, 

2. A product as set forth in claim 1 wherein 
said starch ester has an amylase content of equal to 

10 or greater than 50%. 

3. A product as set forth in claim 2 wherein 
said starch ester has an amylase content of equal or 
greater than 70%. 

15 

4. A product as set forth in claim 2 wherein 
said starch ester has a degree of substitution from 
0.4 to 2.5 DS. 

20 5. A product as set forth in claim 4 wherein 

said starch ester has a degree of substitution of 
1.0 to 2.0 DS. 
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6. A product as set forth in claim 5 wherein 
said starch ester has a degree of substitution of 
1.2 to 1.7 DS. 

5 7. A product as set forth in claim 1 wherein 

said starch ester an ester of starch wherein said 
starch is selected from the group including 
cornstarch, potato starch, tapioca starch, rice 
starch, wheat starch, and cassava starch. 

10 

8. A product of claim 1 wherein said polyester 
is selected from the group of biodegradable 
polyesters, including poly (e-capro lactone) (PCL) , 
poly(vinylacetate-co-vinylalcohol) (PVAc/VA) , 

15 poly (lactic acid) or polylactide (PLA) , 

poly(glycolic acid) or polyglycolide (PGA), and 
related copolyesters including the combinations of 
stereoisomers, bacterial and synthetic poly(P- 
hydroxybutyrate) (PHB) , poly (p-hydroxybutyrate-co-p- 

20 hydroxy valerate) (PHB/V) , poly (P-hydroxyalkanoates) 
(PHA) , and aliphatic biodegradable polyesters. 



25 



9. A product as set forth in claim 1 further 
including a solvent-type low molecular weight 
plasticizer. 
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10. A product as set forth in claim 9 wherein 
the plasticizer is selected from the group including 
esters, from the group including phthalate esters 
(dimethyl-, diethyl-, dipropyl-, dibutyl-, dihexyl-, 

5 diheptyl-, dioctyl-, etc.), dimethyl- and 

diethylsuccinate and related esters, glycerol 
triacetate (triacetin) , glycerol mono- and 
diacetate, glycerol mono-, di and tripropionate, 
glycerol tributanoate (tributyrin) , glycerol mono- 

10 and dibutanoate, glycerol mono-, di- and 

tristearate, and glycerol esters, lactic acid 
esters, citric acid esters, adipic acid esters, 
stearic acid esters, oleic acid esters, ricinoleic 
acid esters, fatty acid esters, erucic acid esters, 

15 soybean oil, caster oil. 

11. A product as set forth in claim 1 further 
including the step of increasing the range of 
properties of the formed product by adding a filler 

20 to the product. 

12. A product as set forth in claim 11 wherein 
said step of adding a filler is further defined as 
adding inorganic or organic fillers to extend the 

25 range of properties of the formed product 
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13. A product as set forth in claim 12 wherein 
said step of adding a filler is further defined as 
adding inorganic fillers from the group including 
talc (hydrous magnesium silicate), titanium dioxide , 

5 calcium carbonate, clay, sand, chalk, limestone, 
diatomaceous earth, silicates, boron nitride, mica, 
glass, quartz, and ceramics, and biodegradable 
organic fillers from the group including starch, 
cellulose, wood flour and fibers, pecan fibers, and 
10 other inorganic and organic filler materials. 

14. A method of preparing a biodegradable 
moldable product or film product by combining a 
compatible blend containing a biodegradable, 

15 hydrophobic, starch ester and a biodegradable 
polyester. 

15. A method as set forth in claim 14 wherein 
starch ester has an amylase content of equal to or 

20 greater than 50%. 

16. A method as set forth in claim 15 wherein 
said starch ester has an amylase content of equal or 
greater than 70%. 

25 
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17, A method as set forth in claim 15 wherein 
said starch ester has a degree of substitution of 
0.4 to 2.5 DS. 

5 18. A method as set forth in claim 17 wherein 

said starch ester has a degree of substitution of 
1.0 to 2.0 DS. 

19. A method as set forth in claim 18 wherein 
10 said starch ester has a degree of substitituion of 

1.2 to 1.7 DS. 

20. A method as set forth in claim 14 wherein 
said starch is selected from the group including 

15 cornstarch, potato starch, tapioca starch, rice 
starch, wheat starch, and cassava starch. 



21. A method as set forth in claim 14 wherein 
said polyester is selected from the group of 

20 biodegradable polyesters, including poly(e- 
caprolactone) (PCL) , poly(vinylacetate-co- 
vinylalcohol) (PVAc/VA) , poly(lactic acid) or 
polylactide (PLA) , poly(glycolic acid) or 
polyglycolide (PGA) , and related copolyesters 

25 including the combinations of stereoisomers, 
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bacterial and t synthetic poly (p -hydroxy butyrate) 
(PHB) , poly (P-hydroxybutyrate-co-p-hydroxyvalerate) 
(PHB/V), poly(P-hydroxyalkanoates) (PHA) , and 
aliphatic biodegradable polyesters. 

5 

22. A method as set forth in claim 14 further 
including the step of adding a solvent type low 
molecular weight plasticizer. 



10 23. A method as set forth in claim 22 the 

plasticizer is selected from the group including 
esters, from the group including phthalate esters 
(dimethyl-, diethyl-, dipropyl-, dibutyl-, dihexyl-, 
diheptyl-, dioctyl-, etc.)# dimethyl- and 

15 diethylsuccinate and related esters, glycerol 
triacetate (triacetin) , glycerol mono- and 
diacetate, glycerol mono-, di and tripropionate, 
glycerol tributanoate (tributyrin) , glycerol mono- 
and dibutanoate, glycerol mono-, di- and 

20 tristearate, and glycerol esters, lactic acid 
esters, citric acid esters, adipic acid esters, 
stearic acid esters, oleic acid esters, ricinoleic 
acid esters, fatty acid esters, erucic acid esters, 
soybean oil, caster oil. 



25 
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24. A method as set forth in claim 14 further 
including the step of increasing the range of 
properties of the formed product by adding a filler 
to the product. 

5 

25. A method as set forth in claim 24 wherein 
said step of adding a filler is further defined as 
adding inorganic or organic fillers to extend the 
range of properties of the formed product. 

10 

26. A method as set forth in claim 25 wherein 
said step of adding a filler is further defined as 
adding inorganic fillers from the group including 
talc (hydrous magnesium silicate) , titanium dioxide, 

15 calcium carbonate, clay, sand, chalk, limestone, 

diatomaceous earth, silicates, boron nitride, mica, 
glass, quartz, and ceramics, and biodegradable 
organic fillers from the group including starch, 
cellulose, wood flour and fibers, pecan fibers, and 

20 other inorganic and organic filler materials. 
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